An investigation of chromium-plated plug gages with particular reference to resistance to wear was made. Chromium was deposited on hardened 1.0 per cent carbon steel under varying conditions so as to produce what are commonlv referred to as "bright," "milky," and "frosty" deposits. The "bright" deposits were tested in both the lapped and unlapped conditions. The other two types were tested in the lapped condition only, he scratch hardness values of chromiumplate produced under these varying conditions were studied with a view toward seeking an explanation for the cause of differences in the rate of wear exhibited by the various types of deposits. Metallographic examination of the plate snowed the presence of strain lines or cracks on the surfaces of the plated gages.
made of commonly used heat-treated steels. In these early studies the gages were tested in the apparatus shown in Figure 4 against (a) hardened 1 per cent carbon steel, (b) an aluminum piston alloy, and (c) pearlitic cast iron. The wear-tests reported in the present paper were all made against the pearlitic cast iron. In order to permit a comparison of the recent with the former results, the data for the early tests on cast iron are presented in Figure 1 . These early results for chromium were all obtained with " bright" coatings that had been ground and lapped.
Bureau of Standards Journal of Research
Chemical compositions of steels tested (-per The specimens which were given very heavy deposits of chromium (Nos. 51, 52, 53, and 54) were plated under special conditions to avoid the " building-up effect" on the ends of the gages, which increases in magnitude with increased thickness of plate. The device, shown in Figure 2 , was used to offset the end effect. This consisted essentially of three gages in line, the center one being the gage for test and the two end gage6 merely auxiliary pieces to take the end effects described.
As only one end of each gage was drilled and threaded, it was necessary to use an electromagnet as shown in Figure 2 , to hold the ends of the gages together. This procedure proved very effective in eliminating the end effects and in producing a uniform plate which was essential as these gages were to be tested in the condition as plated (unlapped).
Since the gages which were to be lapped were plated uniformly, 
IV. MICROSTRUCTURES
The surfaces of all gages were examined after plating to determine the effect of thickness on the development of the so-called "strain lines" or cracks.
It is generally agreed that large stresses are set up in the eiectrodeposition of chromium. These stresses evidently are the cause of the cracks shown in Figure 3 , and reported by many previous authors. 6, 7, 8 Table 3 and shown graphically in Figure 5 . The values used in Figure 5 were computed on the basis of the number of holes gaged for a reduction in diameter of the gage of 0.0001 inch, in order to give a standard basis of comparison for the various gages tested.
Although gages 21 and 23 appear to be decidedly superior to all other gages tested, it should be realized that these values are computed from very small changes in diameter. Thus, the average total loss in diameter of gages 21 and 23 was 0.00001 inch, while on gages 37 and 39 the average total loss was 0.00002 inch. As these losses approach the limit of accuracy of the measurements, the relative differences in wear may not be so great as appears. The unlapped gages showed considerably lower resistance to wear than did the lapped gages. The resistance of the unlapped gages to wear decreased as the thickness of chromium plate was increased. The inferiority of the unlapped gages can be accounted for by the "peaks" or low undulations, microscopic in character, which develop as the plate is deposited. These "peaks " or wave-like surfaces, which arc readily observed under the microscope, become more pronounced as the thickness of plate is increased.
It can readily be seen that such a surface will wear more rapidly than an initially smooth surface, or one from which these irregularities have been removed by lapping.
It will also be recalled that the cracks in the deposit increased with increased thickness, which indicates that the internal stress increased as the plate thickness was increased. The greater the internal stress, the more readily will failure occur when external stress is applied.
Hence, the heavier deposits would be expected to offer less resistance to the tearing off of particles than the thinner deposits. The experimental results have shown that this actually takes place.
The " frosty" and "milky" deposits of chromium plate flapped) show higher resistance to wear than the "bright" deposits (lapped). The "milky" and "frosty" deposits were tested in the lapped condition only.
The "bright" deposits (lapped) "milky" and " frosty" deposits, respectively, and subsequently lapped, showed somewhat higher resistance to wear than "bright" deposits of chromium which were also lapped. 7. Gages which were initially copperplated and then chromium plated and lapped showed about the same resistance to wear as the gages with lapped "milky" and "frosty" deposits, but were superior to the gages with "bright" deposits applied directly to the steel. Washington, December 19, 1930. 
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